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Theories of Ageing: Extracellular Aspects
The complexity of the ageing process can easily be appreciated by a consideration of the numerous theories which have been advanced to explain it since the end of the nineteenth century. They range from the highly philosophical to the strictly factual, covering a wide range of levels of hypothesis, although only a limited proportion have been capable of experimental verification.
The main aim has, in most instances, been to identify the prime lesion which may initiate the process of ageing, but this search has often been rendered sterile because of the inhomogeneity of the observed phenomena. Changes occur in some tissues at earlier ages than in others. The rates at which the ageing processes develop also differ from organ to organ and from individual to individual, and the organism as a whole can withstand a far greater degree of abnormality in certain organs than it can possibly tolerate in others. Finally, it has often proved difficult to differentiate between phenomena which can be unequivocally designated as being due to age and those which should be regarded as pathological.
It is highly probable that all changes in the structure and function of a tissue or an organ can be traced back to alterations in cellular activity, and many theories have been propounded which relate to cumulative cell death and other sublethal phenomena as a basis for the ageing process. These are dealt with in detail by Dr Franks (see below, p 672), but it appears likely that the prime lesion can in many instances be associated with the synthesis of faulty proteins, due to abnormal transcription or actual mutation at the genome level. Although there is now an increasing wealth of factual knowledge about the nucleic acidinduced synthesis of proteins within the cell and their subsequent appearance in the extracellular environment, it is still easier to confine research projects to one or other of these areas. Therefore, when extracellular changes are being considered, although it is accepted that they will almost certainly have originated in alterations in cellular function, the problems of extracellular ageing are at present sufficiently profound in themselves to justify drawing a useful although arbitrary dividing line, roughly coincidental with the cell wall, and dealing with all that transpires outside this line as a separate problem.
In considering the extracellular aspects of ageing, one has to differentiate between those soluble products of cellular activity such as enzymes, hormones and plasma proteins, which by their very evanescence present a direct indication of the state of cellular activity at any one time, and the insoluble so-called permanent structural entities, which can provide an on-going cumulative picture of changes which have occurred in the cellular components of a tissue since they first differentiated. It is in this latter division that the recognizably permanent age changes occur, but it is here that difficulties often arise with regard to differentiation between pathological and ageing changes.
One of the major permanent extracellular structures of the body is the diverse mass of the connective tissues. Of this the major component is the fibrous protein collagen. In the young animal a relatively high proportion of this collagen exists in a soluble form, in which the individual protein chains are held together solely by hydrogen bonds. These bonds, although adequate to retain the molecules in the desired spatial relationship to one another, so as to maintain the structural identity ofthe collagen fibres, can easily be broken if the tissue is heated or if specific hydrogen bond-breaking reagents are added to suspensions of the tissue. As the tissue ages the amount of soluble collagen present in a sample of connective tissue decreases, and more drastic means have to be used to take the tissue into solution. Fractionation of these soluble proteins reveals an accumulation of higher molecular weight species in which pairs or larger numbers of individual protein chains are joined together by stable cross linkages. The insoluble residue remaining after removal of this soluble fraction also becomes more heavily cross-linked, as can be seen by an examination of the susceptibility of the residue to attack by collagenase. These changes result in marked alterations in the physical properties of the fibres and finally in a modification of the properties and function of the tissues and organs of which these fibres form a part.
The ageing of collagen does not, however, appear to end at this stage, with a greater degree of stability engendered by larger numbers of cross linkages. As age progresses many connective tissues, especially the dermis and the walls of the larger blood vessels, appear to contain increasing amounts of a protein having many of the properties of elastin; it is in fact segregated along with elastin in many of the procedures aimed at the purification of that protein. This component, pseudoelastin, however, has an amino acid analysis, and an appearance in the electron microscope which indicates that it is derived from partial degradation products of collagen. It is usually assumed that the enzymic degradation of intact collagen, such as may occur during the involution of scar tissue in a healing wound, or in the post-partum uterus, will be carried to completion with the ultimate appearance of hydroxyproline in the urine. If, however, there are present in the molecule a sufficient number of cross linkages to hold the collagen molecule out of solution, even though a proportion of the main protein chains are disrupted through proteolytic action, the molecule may collapse on to itself, with the production of the amorphous pseudoelastin structure.
Changes of this type can be enhanced by factors which are not directly associated with the ageing process, such as exposure to ultraviolet light in the case of the dermis, thus rendering it very difficult to distinguish between ageing and pathology, but it would appear that ageing, as exemplified by the collagenous component of connective tissue at least, is a biphasic phenomenon, with opposed stabilizing and disruptive factors playing their separate roles. Theories ofAgeing: Cellular Aspects In this paper I shall touch on a few of the theories of cellular ageing (for reviews see Franks 1970 , Bakerman 1969 . There is no firm evidence to give absolute support to any; the problems are vast and the facts are few. There are fashions in science as in other fields of human activity; research on ageing is no exception, so that if I seem to emphasize one theory rather than another it is only because it is currently in fashion.
The ultimate expression of ageing is death, but death of an individual is almost invariably the result of changes which may be trivial in themselves. The commonest cause of death in wild animals is dental disease, as it is in the colony of ageing mice in my department. Death of an individual for reasons other than starvation is almost invariably due to mechanical disturbances in the cardiovascular or nervous systems and the precise event of death is a result ofrandom factors, i.e. accident or disease affecting a particular vital area. There appear to be no specific diseases of old age but there may be an increased susceptibility which may be the result of specific cellular age changes in some tissues.
Although the cells in an individual are all the same chronological age, in the sense that they are all derived from one fertilized ovum which began to grow at one particular moment, their physiological ages are quite different. Cells in different organs age at different rates, at different times and in different ways. Epithelial cells in the intestinal villi divide very frequently throughout life and have a life span of about two days. Cells in the secondary sex organs enter a phase of mitotic activity only at puberty. Ganglion cells in the central nervous system may not divide at all in postnatal life. Are the intestinal cells to be considered young because they have a short life span and ganglion cells old? One can argue that the reverse is true. If age changes affect the stem cells and can only be expressed in their progeny, true age changes may be more easily demonstrated in the apparently younger cells. A further complication is that at the molecular level there is a turnover of different cellular components, the rate of which varies from minutes to years. The age of the cell in terms of its molecular components is not the same as that of the cell as a whole.
These philosophical problems underline a practical problem which may partly explain our relative lack of knowledge. Most studies on cellular ageing in metazoa are hampered by technical problems which limit the choice of species
